PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ? : 
H01L 4iy<>9, H02N 2/00 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 00/30186 

25 May 2000 (25.05.00) 



(21) International AppUcatoon Number: PCT/DK99/00626 

(22) International Filing Date: 16 November 1999 (16.1 1.99) 



(30) Priority Data: 

PA 1998 01486 



16 November 1998 (16.11.98) DK 



(71)(72) Applicants and Inventors: ANDERSEN, Brian [DK/DK]; 
Vilsundvej 29, DK-9220 Aalborg 0 (DK). BLANKE, 
Mogens [DK/DK]; Skovbakken 23, DK-3520 Famm 
(DK). HELBO, Jan [DK/DK]; Ferskenvej 14, DK-9000 
Aalborg (DK). SMIRNOV, Arkadii Borisovich [RU/RU]; 
Bolschaya Zelenina Street, 14/18, flat 85, StPetersburg, 
197110 (RU). YEROFEYEV, Anatoly Alcksandrovich 
[RU/RU]; Polytechnicheskaya Street, House 17/3, Flat 
168, StPetersburg, 194021 (RU). YEROFEYEV, Sergey 
Anatoljcvich [RU/RU]; Polytechnicheskaya Street, House 
17/3, flat 172, StPetersburg, 194021 (RU). 

(74) Agent: PATRADE A/S; Aaboulevarden 21, DK-8000 Aarhus 
C (DK). 



(81) Designated States: AE, AL, AM, AT, AT (Utility model), AU, 
AZ, BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, CZ 
(Utility model), DE, DE (Utility model), DK, DK (Utility 
model), DM, EE, EE (Utility model), ES, FI, FI (Utility 
model), GB, GD. GE, GH, GM, HR, HU, ID, IL, IN, IS, 
JP, KE, KG, KP. KR, KZ, LC, LK, LR, LS, LT, LU, LV, 
MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, FT, RO, 
RU, SD, SE, SG, SI, SK, SK (Utility model), SL, TJ, TM, 
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW, ARDPO 
patent (GH, GM, KE, LS, MW, SD, SL, SZ, TZ, UG, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, 
BJ. CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, 
TO, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: VIBRATION ACTUATOR 




(57) Abstract 

A vibration actuator with multiple degrees of freedom comprising one or more stators (14) and a spherical moving member (18) The 
stator (14) comprises a number of resonators (15), preferably three arranged in a triangle, with a driving force output member (3) attached 
to and projecting from each resonator (15). A number of piezoelectric elements (1, 6) are attached to the surface of the resonator (15) to 
generate a motion of the driving force output members (3) to cause a relative motion of the spherical moving member (18) The impressed 
driving voltage for the excitation of the piezoelectric element (1, 6) is a sum of partial voltages, where each partial voltage excites a bending 
vibration of the resonator. 6 6 
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BACKGROUND OF THE INVENTION 

The present invention relates to a vibration actuator as described in the descriptive part 
of claim 1. The invention relates fiirther to a method for generating a vibration in an 
elastic member. 

Actuators to generate mechanical torque are usually single axes devices. These single 
axes devices can be combined in cases where torque is needed in two or three dimen- 
sions. However, the result is often heavy and expensive equipment. 

A different type of actuator is disclosed in US-patent with no. 5,872,417. The de- 
scribed actuator is a vibration actuator that is compact and capable of motion around 
multiple axes. The vibration actuator includes a vibration element having drive force 
output members, and a relative moving member having a curved surface. The curved 
surface contacts the drive force output member to generate relative motion of the rela- 
tive moving member with respect to the vibration element. The vibration element in- 
cludes a frame shaped elastic member having the drive force output members attached 
thereto, and having electromechanical converting elements, usually piezoelectric ele- 
ments, contacting the elastic member. When the electromechanical converting ele- 
ments are excited by a drive voltage, vibrations are generated in the elastic member to 
produce a drive force which is transmitted to the relative moving member via the drive 
force output members. The vibration element can be controlled to generate relative 
motion in various directions by selectively controlling the electromechanical convert- 
ing elements which are excited by a drive voltage. 

The electromechanical converting elements are excited by voltages to achieve in the 
drive output force members a combination of two kinds of vibration, a longitudinal 
vibration parallel with the plane containing the points of contact between the driving 
force output members and the relative moving member, and a bending vibration in a 
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M. interaecdng to plane. The longitudinal and Ending vibrations » coined 
to generate an elliptical motion of the output members. 

,„ „ described aohndo,, longitudinal vibradona in the plane of to Same shaped 
5 elastic mentor ate damped, because these vibradons induce substantia! mechantcal 
' detonation of the frame shaped « mentor. Thetefote, it would be desirable tf » 
possible » avoid longitudinal .ibradons in such a device. In connecdon wtth dns 
tttgumen, it shall ha pointed out hete to. generating banding vibrations in auch a de- 
vice is far mote efficient than longitudinal vibrations. 
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SUMMARY OF THE INVENTION 

„ „ an object of to present invention to provide a vibration actuator having multiple 
degrees of freedom which comprises on,y bending vibradona in to elastic member to 
generate dtiving movements of to driving force output mentors. 

According to to present invention, this is achieved by a vibradon actuator mentioned 
by „ ay of introduction character in to. to exultation of to electtomechamca, 
converting elements generates . vibration which is a sum of parua, vibration, wham 
each partial vibration is a bending vibration. PreferaMy, to vibration ,s a sum of vt- 
bralions in to first and the second bending mode. 

Longitudinal vibradona are omitted. This way, to actuator according to to present 
ittvention is far mora ..Tecdve ton llhewiae of pno, atu As wtll bee me 

m „des unly is sufficient to move to reladae moving add, multiple degraes of ftee- 
dom. 

T„e relative motion member may have a spherica! shnpe or be shaped aa ptu, of a 
30 sphere. 



20 
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The actuator comprises a number of elastic elements, each of the elastic members 
comprises at least two electromechanical converting elements. Preferably, the elastic 
elements comprises four electromechanical converting elements arranged in pairs on 
each side of the elastic member. The electromechanical converting elements are pref- 
5 erably piezoelectric elements. The elastic elements can be made of any elastic mate- 
rial, for example metal, glass, plastic, or a composite material 

The driving force output member on the elastic member is according to a further em- 
bodiment of the invention located between two electromechanical elements that are 
1 0 located on one side of the elastic member. 

The shape of the vibration element according to a further embodiment of the invention 
is polygonal preferably triangular. Each side of the polygon comprises an elastic 
member. The locations for the connections between the elastic members coincide with 

15 the location of nodes of the wave- formed bend of the elastic members during the 
bending vibration. This implies the advantage that the mutual influence of the resona- 
tors on their individual motion is very small and consequently, they can be treated as 
independent in a mathematical model. For the optimum design of the actuator, this is a 
great advantage leading to more precise results than if the resonators would influence 

20 each other. Also, a simple, yet precise, model is an advantage when implementing a 
model based feedback control system. 

In order to stabilise the relative moving member on the vibration element, the actuator 
in a further embodiment of the invention comprises a compression element, that 
25 presses the relative moving member against the driving force output member. This is 
also a way to avoid that the relative moving member, preferably a sphere, falls out of 
the actuator. Furthermore, the friction between the surface of the relative moving 
member and the driving force output members can be increased. 

30 According to a further embodiment of the invention, a second vibration element is 
comprised by the actuator, wherein the second vibration element is arranged on the 
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opposite side of to *fc. moving mombe, and tnnntged paraUe. to the tm vibra- 
tion element. 

A further advance of the present invention is a general method of generating vibra- 
5 dor, in a prate shaped eUsde member whera at leas, two electromechanical converttng 
' etarants are attaehed to a surface of ft. elastic member, the etecnomechanical con- 
vening dements being excited by imprassing driving voltages tbereon ,0 generate the 
vibration of.be elastic tnetnbet, wherein Utc vibradon of the elastic member ia . sun, 
of parti». vibrations, whera each partial vibradon is , bending vibrado. Preferably be 
p^i,, vibrations . in dt. Bra, and second bending mode. The method is genera, m 
L, i, ia applicable in other devices man vibradon actuators, however. ,he apphcanon 
in a vibration actuator is preferred 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Tnese and other objects and advantages of the invention wiH become apparent and 



taken in conjunction 



with the accompanying drawings, of which: 



20 Fig-1 shows a simple form of a resonator, 

Fig.2 shows a piezo resonator with four piezo elements, 

Fig.3 illustrates the first mode bending of a resonator, 

Fig 4 illustrates the second mode bending of a resonator, 

FigS Ulustratesthefigure-ScurvemoUonoftheendpartofthecontactUp, 

25 Fig.6 is an oblique view of a vibration abator in accordance with one embod.ment 

of the invention, 
Fig? ill„strates,towmeconracttip=xertsfo.ceon*esphere, 

Flg .g illustrates in derail me modon of ,he txantac. dp and me exerted force on me 
30 Fig.9 ^viewoftheacnaamrwidn.ainfadonof.hemodonaof.heconracuips 
vdtich caoaes the sphere to rotate around the fourth axis, 
Fi „ ,0 shows a circuit of a drive for a multiple degrees of freedom vibradon actuator. 
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Fig.l 1 is a side view of an actuator in another embodiment of the invention showing 

the stator, the sphere, and a compression member, 
Fig. 12 is an oblique view of an actuator in a still another embodiment of the invention, 
Fig. 1 3 is a side view of an actuator in a further embodiment of the invention compris- 
5 ing two compression members and two stators, 

Fig. 14 is a side view of an actuator in a still further embodiment of the invention com- 
prising four stators . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

10 

Without loss of generality in the following, the vibration element is called stator, the 
electromechanical converting element is called piezo element, the elastic member in 
combination with the piezo elements is called resonator, and the driving force output 
member is called contact tip. 

15 

Furthermore, the stator will be explained from the point of view, where the stator is 
triangular. However, a quadrangular or other polygonal shapes are possible. 

FIG. 1 illustrates in a simple form the principle of a resonator with piezo elements. A 
20 piezoelectric ceramic element i is attached to the upper side of an elastic member 4. A 
constant voltage applied vertically across the upper piezo element 1, the voltage being 
in the same direction as the internal polarisation in the piezo element 1, will cause the 
upper element 1 to contract so that the elastic member 4, which is fastened to a sup- 
port 5, bends and moves the tip 3 at the end of the elastic member 4 upwards. The 
25 force on the elastic member is increased, if a second piezo element 2 is used in combi- 
nation with the first element 1. When simultaneously a constant voltage is applied 
vertically across the lower piezo element 2, the voltage being in the opposite direction 
of the internal polarisation of the lower piezo element 2, the lower piezo element ex- 
pands so that the bending force is increased. 

30 

If the voltages are reversed, the elastic member 4 will bend downwards. By applying a 
sinusoidal input voltage U(t)=U 0 sin(27rf- 1), where t is the time and U 0 is an amplitude, 
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„ driving part with the tip 3 will be* up and down wid, frecuency f. if this 

,. 2, the deflection wiU increase b, a certtnn facto, caUed the nnalit, faetot. 
F1 0 2 S how3apie 2 oresona, M »ithfoutpie Z oe 1 en,en K .,2,6,7arta„ e edinpai n .If 
. ^ , appiied botween *e left ,w» pie™ elements ,, 2 and the right .wo, - 
elements 6, 7, *n eiastie memhor 4 win he hand in a wa, de,erm,ned by the force « 
erted on the elastic member 4. 

Referring now to FK, 3, the eiaatie member 4 is supported a, its ends hy a support a. 

, . s 7 have an internal polarisation in the same 
Assuming that all pieno elements 1, 2, 6, 7 have an tntem P 

tendon the elastic member 4 in the resonato, will bond up 9 o, down 10, , .he 

applied to me ngh. pai, 6, 7. This situation is called fust hendmg mode. If the vol* 
^n is — , me contact dp 3 will move up and down. If, however, the v* 
!; 1« across the left pair 1, 2 is opposite the voltage applie, to the r,gh. patr d, 
. *e elastic member 4 will b^d .1 as shows, in HO. 4. This ~a 
^ aeld bending mode. In mis case, the contact tip 3 will turn around 

20 side to side. 

The two bemiing modes can be combed into a complex bending mode h, applying 
si nosoidal voUages. The left am. right vnftages nan be eapresae 

The ai-on ofFIG. 3 in obtained for U,=0 and the sttuatton of F.G. .* 
„- Fo, Ul - and U^O, me end of the dp .3 will move on n sodded Usa.pt* 

m0 „d«ai. innomtecdonwimno. 5 ^-,«t^»«» 
Ending mndn eacitadon and vohage U, corresponding to the ftrstbendmg m e exe 



15 Ua=Ub 
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curve. At time t 2 the increase of U 2 forces the tip to turn to the left and U, forces the 
tip upwards. At time t 3 , U 2 is zero and does not excite the tip, U, is at maximum and 
forces the tip to the highest position. At time t 4 the decrease of U 2 forces the tip to turn 
to the right, U, is decreasing thus lowering the tip. At time t 5 both U 2 and U, are zero 
5 and thus, the tip will be in the centre of the figure-8 curve. At time t 6 , the increase of 
U 2 forces the tip to turn to the left and U { forces the tip downwards. At time t 7 , U 2 is 
zero and does not excite the tip, U, is at minimum and forces the tip to the lowest po- 
sition. At time t 8 , the decrease of U 2 forces the tip to the right, U, is increasing and 
thus, rising the tip. At time t 9 , the tip has returned to the initial position of the cycle. 

10 

The resonator is characterised by its resonance frequencies f rl and f r2 , where f r , corre- 
sponds to a resonance in first bending mode and f r2 corresponds to a resonance in the 
second bending mode. By choosing the driving frequencies f, and f 2 such that f,=f rl 
and f 2 =f r2 , an optimal activation of the first and second bending mode is obtained. 

1 5 Norinally, the ratio between the resonances f r2 /f rI differs from 2, so it is not possible at 
the same time to fulfil all three conditions f 2 /f,=2, f,=f rl and f 2 =f r2 . Therefore usually 
in resonance conditions, the end of the contact tip will not move on a curve which has 
a form like a figure-8. However, the condition f 2 /f,=2 can be achieved without serious 
loss of performance. Mathematical models are normally used to find the optimal way 

20 of exciting the resonators. As these mathematical models only approximate the actual 
situation to a certain degree, it is of advantage if the physical system can be modelled 
with are relatively simple but yet precise model. 

FIG. 6 is an oblique view of a vibration actuator in accordance with a first embodi- 
25 ment of the invention. A triangular stator 14 comprising three resonators 15 which are 
plate shaped and constitute the sides of the stator, forms the base for the relative 
moving member 18, which in this case is a sphere. The moving member 18, however, 
could also be only a part of a sphere, and furthermore, it could be hollow or solid. 

30 Each of the resonators 15 comprises two pairs of piezo elements 1, 2 and 6. 7 in be- 
tween of which a contact tip 3 is localised. The sphere 18 is resting on the three con- 
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tact tips 3. For contact between the sphere IS and the stator, a three point connection is 
optimum. 

For mounting the stator, a supporting ring 8, half of which is shown on figure 1- can 
5 be used, where the supporting ring 8 is attached to the stator at the nodes of the v.bra- 
tions in the resonator. The supporting device can have other shapes than a ring, as .ong 
as it supports the stator at the vibrational nodes. 

,„ operation while using the first and second bending mode, the connections 20 be- 
10 tween the resonators 15 are at the nodes of the bend. This implies that the mutual ,n- 
fluence of the resonators 15 on their motion is small and consequently, they can be 
treated as independent in a mathematical model. For the optimum design of the actua- 
tor this is a great advantage, because it is possible to make a precise model, smce the 
physical system is relatively simple. In other words, it is possible and easier to make a 
precise model than if the resonators would influence each other. 



15 



20 



25 



30 



With reference to FIG. 7, the motion of the sphere 18 is explained in case when the 
resonators are excited in the first mode and the contact tip 3 moves up and down. Ap- 
ply ing this vibration to the sphere will force the sphere to rotate. FIG. 7a through FIG. 
7d show how the sphere is forced to rotate about the second axis when the resonator ,s 
excited in the first mode. A likewise explanation applies to rotations about the first 
and third axes. 

In FIG 7a, the contact tip 3 is moving up towards the sphere 18, but it is not in contact 
with the sphere. In FIG. 7b, the contact tip 3 is still moving up and is in contact wuh 
the sphere 18. The contact tip 3 acts on the sphere 18 with a force Fr which can be 
decomposed into two forces: Ft and Fn. The force Fn provides the necessary fnctxon 
^ Ft provides the driving force. In FIG. 7c the contact tip 3 has moved further up. 
Since the contact tip is in contact with the sphere, the contact tip 3 is forced to bend. In 
FIG 7d the tip now moves down. The force Fn will no longer provide the necessary 
friction and thus, the contact tip 3 will not follow surface of the sphere 1 8 any longer. 
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Another way of explaining the motion of the contact tip is given by FIG. 8. The con- 
tact tip 3 comes in contact with the surface 21 of the sphere 18 at point A. At that 
point, it has a tangential velocity which is lower than the tangential velocity (vt) of the 
sphere. The contact tip 3 is then accelerated so that the tangential velocity of the con- 
5 tact tip 3 is equal to the tangential velocity (vt) of the sphere. This happens at point A'. 
After this, the contact tip 3 exerts force on the surface 21 of the sphere because of 
friction with a velocity equal to vt. At point B' the contact tip 3 gradually looses its 
frictional grip until it separates from the surface 21 at point B. 

10 When one or more of the resonators is excited in the combined vibration mode the 
sphere will rotate about the 4. axis. FIG. 9 is a top view of the vibration actuator. The 
applied voltages are chosen such that the vibration pattern of the contact tips 3 are 
curves formed like a figure-8. The voltages are furthermore chosen such that the con- 
tact tips 3, when they reach the upper part of their figure-8 motion, move in the direc- 

15 tion as indicated with arrows 22 in FIG. 9 and thereby forcing the sphere 18 to rotate 
about the fourth axis, which is the axis orthogonal to the plane of the triangular stator. 

FIG. 10 shows a circuit of a drive for a multiple degrees of freedom vibration actuator, 
wherein drive voltages are impressed on the respective sets of piezoelectric elements 
20 la, lb, lc, 6a, 6b, 6c. 

As shown in FIG. 1 0, an oscillator 3 1 generates a sinusoidal voltage with frequency f, 
and an oscillator 32 generates a sinusoidal voltage with frequency f 2 . The voltage from 
oscillator 3 1 is input to electric summation amplifiers 36a and 36b. The voltage from 

25 oscillator 32 is connected or disconnected to the following circuit via a switch 33. The 
output from switch 33 is branched to an 180 degrees phase shifter 34 and to a rotation- 
direction switch 35. The output from phase shifter 34 is also input to the switch 35. 
The two outputs from the switch 35 are inputs to the electric summation amplifiers 
36a and 36b. The outputs from the summation amplifiers is input to high voltage 

30 amplifiers 37a and 37b. The output from the amplifiers are inputs to three resonator- 
selection switches 38a, 38b, 38c. 
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The outputs from switch 38a is input to piezo elements la and 6a. Similarly the out- 
puts from switches 38b and 38c are input to piezo elements lb, 6b and 1c, 6c. Thus, 
switching resonator-selection switch 38a to the ON state, connects the resonator 15a to 
the voltage source. In this way switch 38a, 38b, 38c can be switched to the ON or OFF 
5 state and thus, connect or disconnect resonators 1 5a, 1 5b, 1 5c to the voltage source. 

Rotation about the fourth axis is generated in the following way. Switch 33 is 
switched to the upper state so that both voltages from oscillator 3 1 an 32 are applied to 
the resonators. With switch 35 in the upper state, summation amplifier 36a wdl gen- 
10 erate the signal t/lsin^, ,) +l /2sin« -,)«* summation amplifier 37b w.ll 
generate the signal i/l*<2* 0 - "2sin(2*f 2 0 . The signals are amplified to h.gh 
voltage signals via amplifiers 37a and 37b. By switching one, two or ail resonator- 
selection switches to the ON state, the relative moving member .8 is forced to rotate 
about the fourth axis. By switching the rotation-direction switch 35 to the lower state, 
15 the summation amp.ifier 36a will generate the signal - 0- » 

and summation amplifier 36b will generate the signal « •*)♦ W-P* ■/>. 
thus forcing the relative moving member 18 to rotate about the fourth axis but m a 
direction opposite to the direction when the rotation-selection switch is in the upper 



20 



25 



30 



state. 



Rotation about the f« ax* is generated in the Mowing way. Swttch 33 is swuched 
,„ the lower stare so ma, oniy the voluge from oscillator 31 is applied to the reso^- 
„ The summation amplifiers 36a and 36b will generate the signals Ul. Re—. 
M swi,eh 38a is swdched • the ON « and swi.cn 38h and 38e ate switched 
. the OFF state. Thns. only resonator 15a is excited ami .he relative tnoving member 
18 is forced to rotate about the 1. axis. 

Shnilady b, swuehing the msonator-seleclion switch 38b .0 .he ON m. and switch 
38a and 38o to .he OFF aate, ,he relative moving member is fomed to mode abou. me 
second axis. By switching resonator- seleCion swimh 38c ,„ me ON s«e and swuch 
38, and 38b to the OFF ante fomea .he relative moving member to t*.e aboul me 
third axis. 
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It can be advantageous to be able to regulate the press of the sphere against the contact 
tips in order to control the friction. A possible configuration is shown in FIG. 1 1. The 
sphere 18 is located between the stator 14 of the actuator and a compression member 
5 23 in the form of a low friction ball bearing. Both the stator and the compression 
member can be spring loaded 24, 25 as shown in the figure. However, it suffices to 
spring load only one of the two components 14, 23. Spring loading has the advantage 
to achieve an approximately constant force with which the sphere 1 8 is pressed against 
the contact tips 3, irrespective of eventual tolerances in the parts making up the actua- 
10 tor. It is necessary in the design of the actuator, however, to choose springs that do not 
exhibit any state of resonance during the working of the resonator. 

FIG. 12 shows still another embodiment of the invention. In this case, two stators 14 
are used to fix the sphere 18 in the centre between the stators. The mounting rings 8 
15 with the stators 14 can be spring loaded to achieve an approximately constant force 
between the sphere 1 8 and the contact tips 3. 

FIG. 13 shows a further embodiment of the invention. In this case, the sphere is lo- 
cated between two compression members 23 in the form of low friction ball bearings 

20 such that the sphere can rotate freely, but with the centre of the sphere kept in place. 
The stators 14 can thus be pressed against the sphere with a predetermined force, how- 
ever, the weight of the sphere does not influence the pressure of the sphere against the 
contact tips 3. The compression members can be located parallel with the stators as 
shown in the figure, but other locations, for example at right angles to the stators. are 

25 also possible. 

Also shown in FIG. 13 is an optional device 26, for example a camera or a robot arm, 
attached to the sphere 18. A device 26 can also be attached to the sphere 18 by con- 
nections means as for example a connecting rod; 

30 

FIG. 14 illustrates how several, in this case four, stators 14, preferably triangular sta- 
tors, can be used for driving the sphere 18. In this case, the actuator is still operable, 
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evw , „hen some of me — ,5 shoufd This is especia,,, W » 

* of the hutction of the actuator is as*«H an actuato, . - 

on a satellite. 

5 To — «* — — — — me,ws - a :ri!t 

md simp ,e method is «o o«ise a position sphere which is in con,. wtth h P - 
tion sphere in a computer mouse. 

Another medrnd is ,0 provide the surface of the sphere in the aemator with a laser 
lie The renected iaser beam, which is measured by a «. derector. - 
I ohan, - s ig na, in the de.eo.or each .in. a horde, between ,he seo.ors ,n ,he 
grid is crossed. 

A thbd method impiies de,ec,ion of renected taser ngm. in this case tfc 

■ member may have, minor anaehed » it or be shaped - a sphere wth.fla. 

reb Jm„vin 8 raember is turned. The direction of the redeot* *- ca * - 
^vervpr.oiae.ywi.hanarravde.o.or.forex.npieoCCDfoh^ecoupieddvee 

v „f ™xds This very precise measurement of .he onenranon 
de.ec.or with an area array of pixels. I nis very p 
f the reiativc moving member is usoM, when rotabons of even very smaU 
L a .en, effeo, for etrampie durfn, the option of a cameras or an antenna ,n 
satellite or aircraft. 

^ action of the vibration actuator is in the «d o, erysra^raph, where 
c^a, orient or strabt in erys^s is measured. Aiso m dus ease, a pre^t 0^ 
L meaauremen. of the an g u,ar position of the reiauve movm 8 member ,s 
sary. 

A hnthe, appbeation is stabiUsation of indent ptatforms, for instance in an ai, 
craft. 
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A still further application is in high flexible vehicles, where the sphere acts as a wheel. 
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CLAIMS 

1. A vibration actuator with multiple degrees of freedom, comprising at least one vi- 
bration element (14) and a relative moving member (18), 
wherein the vibration element (14) comprises 

- at least one elastic member (15) which is plate shaped, 

- a driving force output member (3) attached to and projecting from the elas- 
tic member (1 5) at a predetermined position, and 

- at least two electromechanical converting elements (1, 6) attached to a sur- 
face of the elastic member (15), the electromechanical converting elements 
(1, 6) being excited by impressing driving voltages thereon to generate a mo- 
tion of the elastic member (15) and thereby causing a driving movement of 
the driving force output member (3), 

wherein the relative moving member (18) has a curved surface contacting the driving 

1 5 force output member (3), 

wherein the driving movement of the driving force output member (3) produces a 
relative motion of the relative moving member (18) with respect to the vibration ele- 
ment(14), 

characterized in 

that the excitation of the electromechanical converting elements (1, 6) generates a vi- 
bration of the elastic member (15) which is a sum of partial vibrations, where each 
partial vibration is a bending vibration. 

2. A vibration actuator according to claim 1 characterized i n that the vibradon 
25 is a sum of partial vibrations in the first and the second bending mode. 

3. A vibration actuator according to claim 1 or 2 c h a r a c t e r i z e d i n that the 
relative moving member comprises at least part of a sphere. 
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4. A vibration actuator according to claim l-3characterized in that the elas- 
tic member comprises four electromechanical converting elements arranged in pairs 
on each side of the elastic member. 

5 5. A vibration actuator according to claim 1 ^characterized in that the 
driving force output member on the elastic member is located between two electrome- 
chanical converting elements that are located on one side of the elastic member. 

6. A vibration actuator according to claim 1 - 5 c h a r a c t e r i z e d i n that the con- 
1 0 verting elements are piezoelectric elements. 

7. A vibration actuator according to claim l-6characterized in that the vi- 
bration element is polygonal with each side, of the polygon comprising an elastic 
member. 

15 

8. A vibration actuator according to claim l-7characterized in that the vi- 
bration element is triangular. 

9. A vibration actuator according to claim l-8characterized in that the loca- 
20 tions for the connections between the elastic members coincide with the location of 

nodes of the wave formed bend of the elastic members during the bending vibration. 

1 0. A vibration actuator according to claim l-9characterized in that the vi- 
bration element further comprises at least one compression element. 

25 

1 1 . A vibration actuator according to claim l-10characterized in that the 
vibration actuator comprises two vibration elements arranged parallel and in contact 
with the relative moving member. 

30 12. Method of generating a vibration in an elastic member (15) which is plate shaped, 
where at least two electromechanical converting elements (1,6) are attached to a sur- 
face of the elastic member (15), the electromechanical converting elements (1,6) be- 
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ing excited by impressing driving voltages thereon to generate the vibration of the 
elastic member (15), c h a r a c t e r i z e d i n that the vibration of the elastic member 
(15) is a sum of partial vibrations, where each partial vibration is a bending vibrat,on. 

13. Method according to claim 12 c h a r a c t e r i z e d i n that that the vibration is a 
sum of partial vibrations in the first and the second bending mode. 

,4 Method according to claim 12 or 13 c h a r a c t e r i z e d i n that that the elastic 
member ( 1 5) constitutes part of a vibration actuator with multiple degrees of freedom, 
where said vibration actuator comprises at least one vibration element (14) and a rela- 
tive moving member (IS), wherein the vibration element (14) comprises said elasttc 
member (15) and a driving force output member (3) attached to and projecting from 
the elastic member (15) at a predetermined position, where the vibration of the elasUc 
member (15) causes a driving movement of the driving force output member (3). 
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